INTRODUCTION

46
How organelle size and morphology affect organelle function is a fundamental 47 and ER stress induced by excess fatty acids lead to expansion of ER sheets, which is 98 energetically more favorable than ER tubule expansion and is thought to provide more 
104
In our study, we manipulated the ER tubule-to-sheet ratio to test if this broadly and Bartenschlager, 2016). We examined a number of cell surface and secreted 110 proteins, finding that while their total levels were unchanged upon Rtn4a overexpression, 111 their trafficking through the secretory pathway was increased. We show that this effect 112 on exocytosis is in fact not due to altered ER morphology, but is rather a specific 113 function of Rtn4a. We also provide evidence that Rtn4a accelerates ER-to-Golgi 114 trafficking by promoting COPII vesicle formation. Thus our data suggest that altering ER 115 morphology does not necessarily influence protein translation and trafficking, but that
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Rtn4a has a specific function in promoting COPII-mediated exocytosis. GFP-NLS as a control, and overexpression of Rtn4a was confirmed by western blot and 123 immunofluorescence (Fig. S1, A-D) . Based on immunoblotting, Rtn4a levels were 124 increased 8.8 ± 1.5 fold (average ± SD) compared to controls (Fig. S1, A-B) . This level 125 of ectopic Rtn4a expression did not cause ER stress as evidenced by constant levels of 126 the ER chaperones calnexin, ERp72, and GRP78 (Fig. S1, E-H) . To quantify Rtn4a-127 induced conversion of ER sheets into tubules, we stained cells for the ER sheet marker 128 CLIMP63 (Fig. S1, I ). Rtn4a expression increased the relative proportion of tubular ER 129 (Fig. S1, C) with a concomitant 2.6 ± 0.2 fold reduction in ER sheet volume (Fig. S1, J) . 130 To assess how this change in ER morphology might affect protein synthesis and synthesis of these two proteins (Fig. 1, E-H) . Surprisingly, staining of non-permeabilized 137 cells revealed greater cell surface levels of these membrane proteins in Rtn4a- EndoH-resistant protein levels (Fig. 2, A and C) . While total levels of Integrinβ1 and 152 HLA-A were unaffected by Rtn4a overexpression, consistent with our 153 6 immunofluorescence results, mature forms of Integrinβ1 and HLA-A were increased by 154 2.8 ± 0.8 fold and 1.8 ± 0.4 fold, respectively (Fig. 2, B and D) . To assess all cell 155 surface glycoproteins, non-permeabilized cells were stained with concanavalin A (ConA) 156 which detects immature, high mannose N-glycans. Rtn4a overexpression decreased 157 cell surface ConA-staining intensity by 1.2 ± 0.03 fold without affecting total ConA-158 staining levels (Fig. S1, K-N we observed no change in ER sheet volume in Rtn4 knockdown cells (Fig. 3, G-H) . 180 These results suggest that Rtn4 influences protein trafficking independently of any 181 effect on ER morphology.
182
To test if altering ER morphology through Rtn4a-independent means would 183 impact exocytosis, we overexpressed two other curvature stabilizing ER membrane 184 7 proteins -REEP5 and Rtn4b. Overexpressing REEP5 decreased ER sheet volume 2.9 185 ± 0.04 fold (Fig. S2, D-G) , similar to the 2.6-fold reduction in ER sheet volume induced 186 by Rtn4a overexpression (Fig S1, I-J) , but had no effect on the amount of surface 187 localized Integrinβ1 and HLA-A (Fig. S2, H-J) . Consistent with these results, a 6.9 ± 1.8 188 fold increase in Rtn4b expression led to a 2.3 ± 0.2 fold reduction in ER sheet volume 189 (Fig. S2, K-N) without changing the levels of Integrinβ1 and HLA-A on the cell surface 190 (Fig. S2, O-Q) . Collectively, these data show that shifting ER morphology from sheets (Fig. 4, C and F) . While the 203 intracellular FBLN5 concentration was unchanged upon Rtn4a overexpression (Fig. 4 204 B), the intracellular TSP1 concentration was reduced (Fig. 4 E) along with Rtn4a-GFP or GFP-NLS as a control. Prior to biotin addition, mCherry-
214
LAMP1 is trapped in the ER (Fig. 5 A; (Fig. 5 A; second row of images). Similar LAMP1 cytoplasmic 219 puncta were not observed in control cells until 45 minutes after biotin addition (Fig. 5 A; 220 fourth row of images). These data suggest that LAMP1 exocytosis occurs more rapidly 221 when Rtn4a is overexpressed.
222
To estimate when LAMP1 was entering the Golgi, cells were fixed at shorter time 223 points after biotin addition and immunostained with the Golgi marker GRASP65 to 224 assess co-localization of LAMP1 with the Golgi (Fig. S3, A-D) . Just a few minutes after 225 biotin addition, we observed significantly greater co-localization of LAMP1 with the Golgi 226 in cells overexpressing Rtn4a compared to controls (Fig. S3 E) , suggesting accelerated 227 ER-to-Golgi transport. This prompted us to track ER-to-Golgi transport of LAMP1 by live 228 cell imaging (Fig. 6) . We monitored the accumulation of mCherry-LAMP1 signal in the Rtn4a-overexpressing cells (Fig. 6, D-F and H ; Video S1B), 9 minutes earlier than in 232 control cells (Fig. 6 , A-C and G; Video S1A). It appeared that the Golgi was more 233 disperse in Rtn4a-transfected cells (Fig. 6 E; 6 minutes after biotin addition) compared 234 to control cells (Fig. 6 B; 15 minutes after biotin addition), which we confirmed by 235 staining for GRASP65 and the medial Golgi marker ManII, observing a ~2-fold decrease 236 in Golgi circularity and ~2-3 fold increase in Golgi volume upon Rtn4a overexpression 237 (Fig. 7, S3 F) . Golgi morphology was also altered in REEP5-and Rtn4b-overexpressing 238 cells in which cell surface trafficking was unaffected (Fig. S3, G-I , we reasoned that in order for Rtn4a and Sec31A to co-localize in the same 278 membrane compartment, 6 and 15 nm gold particles should be at most 100 nm apart 279 from each other. We therefore quantified the number of 6 nm particles within 100 nm of 280 each 15 nm particle, which was 3.9 ± 0.3 fold greater in Rtn4a-overexpressing cells 281 compared to control cells (Fig. 9 C) . Because this difference might be due to Rtn4a 282 overexpression itself, we also quantified the density of 6 nm particles in regions devoid 283 of Sec31A, finding that the Rtn4a particle density was 1.6 ± 0.1 fold higher close to
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Sec31A as opposed to far from Sec31A in Rtn4a-overexpressing cells (Fig. 9 C) . These 285 data suggest that COPII coats are preferentially recruited to Rtn4a-containing 286 membranes. Consistent with this idea, we also measured the distance between each 15 287 nm (Sec31A) particle and the nearest 6 nm (Rtn4a) particle, observing a 1.8 ± 0.1 fold 288 decrease in this distance upon overexpression of Rtn4a (Fig. 9 D) . 289 We also observed co-localization of Sec31A and Rtn4a in membrane structures 
DISCUSSION
302
We report that inducing a more tubular ER does not significantly influence protein culture medium was removed and coverslips were processed for immunofluorescence.
425
To prepare cell pellets for whole cell lysates, medium was removed from the 6-well Golgi areas were quantified. Next, images from both channels corresponding to a 482 particular z-plane were merged such that 'white' pixels corresponded to co-localization.
483
The total area covered by white pixels was quantified manually in MetaMorph by ImageJ, but were otherwise unaltered. 
Immuno Electron Microscopy
600
Cells from three independent transfection reactions were collected at 36 h post 601 transfection and processed for immuno electron microscopy, following a previously 602 described protocol (Phend et al., 1995 
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Error bars represent standard deviation. **** p≤0.0001; ** p≤0.01; NS not significant. 
